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Based on wildfire data acquired from Mississippi forestry commission from 19912005 approximately 4,000 wildfires occur in Mississippi each year, burning over 60,000
acres of forest and grassland. This study focuses on Mississippi’s wildfires from 19912005 for the summer/fall period defined for this study as the May-November fire season.
Statistical analysis indicates that there is significant correlation between vegetation
indices derived from remotely sensed data and wildfire size at various time lag periods.
Forest areas are correlated with vegetation indices at longer lag periods, non-forested
areas are correlated at shorter lag periods. The inverse correlation between wildfire size
and vegetation indices shows that vegetation greenness is an indicator of wildfire
potential. This result can be implemented as management tool knowing that changes in
vegetation vigor in certain areas of the state may increase wildfire potential in those areas
and use of prescribed burnings may reduce the wildfire potential in those areas.
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CHAPTER I
INTRODUCTION

The state of Mississippi is particularly vulnerable to forest fires because the state
contains a large amount of even-age needle-leaf evergreen forest stands that have a high
potential for wildfire (Gilreath 2006). A recent study using Moderate Resolution
Imaging Spectrometer (MODIS) on the Aqua satellite on September 2003 indicates that
there are more fires in the Mississippi valley, the plains and the southeast every year than
in the west, but they are generally much smaller and do not gain the attention [1].
Most of the wildfire studies have focused primarily on western wildfires, only few
studies have investigated wildfires in the southeastern U.S (Zhai et al 2003, Brewer and
Rogers 2006, Cooke et al 2007). The distribution of wildfires in the West and in
Mississippi differs on a spatial and temporal scale.
Mississippi shows two distinct wild fire seasons. According to Grala and Cooke
(2010), the first fire season includes January-March and the second fire season includes
July-November. This time period used by Grala and Cooke (2010) was based on 15 year
average of Mississippi wildfire across the whole state.

[1]

http://earthobservatory.nasa.gov/NaturalHazards/

1

Template Created By: Damen Peterson 2009

Fire is governed by and influences many naturally complex landscape processes,
which are further complicated by anthropogenic influences (Duncan and Schmalzer
2004). Spatial pattern analysis shows that environmental and anthropogenic factors have
strong influence on distribution, frequency and size of the wildfires in Mississippi. There
are various causes of wildfires that can be grouped into the following categories: natural
fires, accidental and/or arson fires, and prescribed fires (Zhai et al. 2003). According to
Kuhlken (1999) arson fires occurred most often in south with Alabama, Mississippi and
Louisiana. The southeastern forest regions have the highest rates of human caused
ignitions in the USA. (Stephens 2005). The total number of fire shows that maximum fire
occurs in the year 1999-2000 (Fig 1.1). Since 2005, over 100 wildfires have occurred
each year on the National Forests in Mississippi, a large percentage of those fires are
arson caused (USDA Forest Service) [2]. Damage and economic impacts of natural and
human made wildfires are therefore at special concerns. Traditional approaches to
assessing wildfires were associated with measurements and observations made in the
fields. A new trend in wildfire management incorporates the use of geospatial technology
in terms of fire potential study.
Geospatial technologies such as GIS are increasingly being utilized to analyze
spatial patterns for natural hazards. GIS is uniquely suited for modeling and integrating
spatial and attribute information in a single analysis system.

[2]

http://www.fs.fed.us/r8/mississippi/Fire_and_Aviation/prevention.html
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Satellite remote sensing has become a primary data source for vegetation
information used in fire danger rating prediction, fuel and fire mapping, fire monitoring,
and fire ecology research. Remote sensing data are used to produce fire potential
mapping at spatial and temporal scales. In addition to remote sensing technology, GIS
has been used increasingly for wild land fire planning. Much of this effort has been aimed
at mapping the spatial distribution of fire events and associated natural hazards (Perry et
al 1999).
The primary objective of this research was to understand the characteristics of
wildfires in Mississippi on a spatio-temporal scale. The temporal characteristics of
wildfires were analyzed between the periods of 1991-2005 for May-November fire
season. This analysis period was selected based on the range (duration) of summer/fall
fires. Spatial pattern analysis was used to determine whether wildfires were clustered in
specific areas of the state. Keys’s ecoregions and USDA forest service Historic forest
boundaries in Mississippi were tested for their potential as useful analytical strata for
characterizing differences in mean wildfire size across the state.
Wildfire data for this thesis research were obtained from The Mississippi
Forestry Commission for a time period from 1991-2005. Seven-day Normalized
Difference Vegetation Index (NDVI) composites at 1 km spatial resolution were
extracted from Advanced Very High Resolution Radiometer (AVHRR) satellite sensor
data acquired by the National Oceanic and Atmospheric Administration (NOAA) for the
time period of 1991-2005 consistent with the MFC wildfire data set.

3
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Figure 1.1.

Wildfire frequency by from 1991-2005 for Mississippi

Mississippi Ecology
Ecoregions denote areas of general similarity in ecosystems and in the type,
quality, and quantity of environmental resources (Omernik and Griffith 2008). Ecological
and biological diversity within Mississippi is great. The state contains barrier islands and
coastal lowlands, large river floodplain forests and rolling and hilly coastal plains with
evergreen and deciduous forests and a variety of aquatic habitats (Omernik and Griffith
2008). The mostly hilly Upper East Gulf Coastal Plain, also called the Upper or Inner
Coastal Plain, is delineated by the loess bluffs on its western edge. The Lower East Gulf
Coastal Plain or the Lower or Outer Coastal Plain, is the mostly hilly region that
comprises the roughly lower third of Mississippi's land mass (Stewart 2003)
4
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There are six separate National Forests covered by the National Forests in
Mississippi Forest Plan. Mixed Pine forests (Longleaf pine with Loblolly Pine and Slash
Pine) are the dominant type needle-leaf evergreen forest cover in the state, which
occupies approximately 22% of the total area. Hardwood and oak-pine timber types
covered 34% of the states lands (Glass 2005) (Fig 1.1). Young pine, mixed pine and
hardwood under 10 years old, have the highest potential for wild fires. Pine dominated
forests are more vulnerable to wildfires than hardwood types. According to Rudis and
Skinner (1991) wildfire frequency is higher in pine plantations than natural pine stands
and it also varies with stands age. Wildfires occurred more frequently in younger stands
and in pine and mixed pine-hardwood types than in hardwood types (Zhai et al 2003)
The climate is in the "humid, subtropical" climate region. The average rainfall
pattern for the state ranges from about 50-60 inches per year with lowest precipitation
patterns in inland areas and highest in the coastal and near coastal areas, although this is
somewhat variable with region (Stewart 2003). Drought conditions generally occur in the
late summer, fall in Mississippi, and are associated with increased fire frequency, but the
temporal period with highest wildfire frequency is associated with periods of luxury
rainfall (Cooke et al 2007).
The number and extent of wildfires are driven by natural factors such as fuel availability,
temperature, precipitation, humidity, wind as well as anthropogenic factors. Climate
fluctuations significantly affect these natural factors and thus the severity of wild fires at
a variety of temporal and spatial scales (Holmes et al. 2008).

5
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Figure 1.2.

Fig 1.2

Principal land covers types in Mississippi

Principal Land cover types in Mississippi
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CHAPTER II
LITERATURE REVIEW

This chapter reviews various wildfire studies specifically in the areas of GIS and
remote sensing. In the past, wildfire research studies were often related with NDVI to
understand the fire behavior more effectively. Other parameters such as climate, fuels and
anthropogenic factors were also used as explanatory variables to investigate wildfire
characteristics specific to wildfire potential modeling. These characteristics can be
charted both spatially and temporally to better understand the wildfire patterns of
Mississippi. Once wildfire characteristics and driving variables have been analyzed, they
can be implemented in descriptive and predictive wildfire GIS models.
Previous research (Gilreath 2006, Cooke et al. 2007) shows that there are several
factors that can influence the distribution, size and frequency of the wildfires. These
include natural factor (vegetation cover type), anthropogenic factor (proximity to roads,
an ignition factor) and climatic factors (precipitation, evaporation, wind) (Holmes et al.
2008).This chapter will focus on understanding natural fire regimes including both spatial
and temporal distribution of wildfires, wildfire size and wildfire frequency.

7
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Characteristics of wildfires in Mississippi
The distribution of wildfires in the Western U.S and in Mississippi differs on a
spatial and temporal scale. Wildfires in the west generally occur during a single wildfire
season that begins in March and peaks in August (Westerling et al. 2003). In Mississippi
and the southeast region there are two distinct wildfire seasons: January-March and JulyNovember (Grala and Cooke 2010). Previous research (Grala and Cooke 2010) indicates
that wildfires are more frequent in southern Mississippi, which is dominated by various
pine species.
The conditions that cause wildfires in Mississippi and in the southeast regions are
not similar from those in the west. Wildfire problem in the western U.S are associated
with slow, long-term fuel accumulation but in the south fuel accumulates rapidly every
year (Pyne 1982). Most Mississippi wildfires can be categorized as a “surface fire” type;
wildfire burns along the floor of a forest, moving slowly and killing or damaging trees [3]
Surface fuels in closed-canopy forests are largely composed of leaf litter from deciduous
trees or short-needle pines (Williamson and Black 1981).
There are two distinct wildfire seasons in Mississippi shown in (Fig 2.1). The first
fire season generally begins in January and concludes in March. The second fire season
begins as early as May or as late as July and generally concludes by November.
The first fire season from January-March is predominantly associated with human
activity (Grala and Cooke 2010).

[3]

www.medscape.com/viewarticle/513258_13
8
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This is also the time when the state allows prescribed burning. Prescribed fire is an
important tool for managing fuels to reduce the ignition, size, and severity of wildfires
(Fernandes and Botelho 2003).
Anthropogenic factors are still the important as ignition concerns in the second
fire seasons but the threat of large wildfires may increase in this season due to the greater
potential in this time period for drought conditions to prevail.

Influence of climate in wildfire size and frequency
It is not very difficult to distinguish the seasonal flux in wildfire intensity and
weather patterns. Climatic explanations hypothesize that increasing variability in
moisture conditions (wet/dry oscillations promoting biomass growth, then burning),

9
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and/or a trend of increasing drought frequency, and/or warming temperatures can lead to
increased wildfire activity (Balling et al 1992).
Climate plays an important role in fire potential through precipitation,
evaporation, wind and lighting (Pye et al. 2003). Recent research (Cooke et al 2007,
Dixon et al. 2008,) using atmospheric teleconnections to predict wildfires shows a
significant correlation (α=0.05 and α=0.10) exists between teleconnection indices and
wildfire occurrences. Cooke et al (2007) developed the current fire potential model in
Mississippi. Climate, fuels and ignition were used as three important variables. The
model investigated climatic effects such as cumulative precipitation and evaporation on
wildfires in Mississippi. P-E (precipitation minus evaporation) was used as a driving
variable. The findings of Cooke et al (2007) illustrate that late season wildfires in the
state are affected by climate. This is most likely due to minimum precipitation coupled
with high temperatures and long day length resulting in high evaporative demand
associated with low fuel moisture content that typically occurs in late summer. The
evaluation of fire risk is therefore of high practical importance, particularly during the
summer arid season which varies in intensity across the state, when fires are most
frequent and harmful.

Rationale behind landscape stratification
The decision behind using landscape stratification methods was to concentrate on
the spatial issue. The Modifiable Areal Unit Problem (MAUP) is a potential source of
error that can affect spatial studies which utilize aggregate data sources (Unwin 1996).
MAUP often occurs in case of point-based measures of spatial phenomena. A simple
10
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strategy to deal with the problem is to undertake analyses at multiple scales or zones
(Nakaya 2000). Degree of co-variation depends on size of zone or class. Although
geographical studies tend towards aggregating units which have geographical boundaries;
it is possible to aggregate spatial units which are spatially distinct or homogeneous
(Unwin 1996). Historic forest boundaries and ecological units of southern US portrayed
by Bailey (1988) and modified by Keys et al (1995) were used as a stratification method
to reduce spatial heterogeneity which occurs across the landscape. According to Omernik
and Griffith (2008), an ecoregion is a recurring pattern of ecosystems associated with
characteristic combination of soil and landform that categorize that region. Stratification
of large areas into physiographic regions has been suggested to reduce the physiographic
variation in the data (Loveland et al 1991). Spatial pattern analysis shows that
environmental and anthropogenic factors have strong influences on distribution,
frequency and size of the wild fires in Mississippi. Physiographic regions were applied by
(Pillai et al 2008, Grala and Cooke 2010) as a stratification method because of their
relatively homogeneous conditions related to wildfires in Mississippi. Their research
shows significant correlations between NDVI and fire variables (size & frequency) (α
=0.01 and α = 0.05, r = -0.388) for several physiographic regions of Mississippi.
Another important reason to use landscape stratification method is to perform
spatial analysis that will consider the biophysical factors that drives wildfire regimes.

11
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NDVI and wildfires
Numerous studies have shown that fire variables are best correlated with NDVI
due to its importance as potential indicator of fire size and frequency. NDVI is an
indicator of relative abundance and condition of green vegetation (Jensen 1996). The
estimation of forest fire risk often involves the integration of meteorological and other
fuel-related variables, leading to an index that assesses the different levels of risk
(Gabban et al 2008). Recent investigations have shown the utility of NOAA-AVHRR
NDVI data for dynamically assessing potential fire risk (Maselli et al 2003). AVHRR
seven day time series NDVI composites were analyzed as a potential indicator of fire
variables (size and frequency) in Mississippi by (Pillai et al 2008). Their result indicates
NDVI fluctuations from normal as an indicator of fire potential.

12
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CHAPTER III
RESEARCH OBJECTIVES

The primary objective of this research is to understand the spatio-temporal
distribution of wildfires in Mississippi. The research was designed to address the
following objectives.
• Determine what constitutes a ‘large’ wildfire.
• Examine spatial clustering of wildfires in North, Central, and South
Mississippi
• Examine temporal wildfire patterns
• Examine spatial effects of wildfire size for landscape strata within the 3
zones
• Examine relationships between vegetation indices and wildfires within
landscape strata at various lag times.
The aim of this research was to generate a realistic expression of wildfire
potential in terms of frequency, intensity and spatio-temporal pattern in Mississippi to be
used by natural resource managers and planners to more effectively allocate limited
resources in their mission to reduce the adverse impact of wildfires.

13
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CHAPTER IV
MATERIALS

Study area
The state of Mississippi was chosen as the study area for this research and divided
into 3 zones (north, central and south) based on climatic district for analysis. Ecological
units of the southern United States portrayed by Bailey (1988) and modified by Keys et al
(1995) were obtained from Southern Forest Resource Assessment (SFRA 2009). Historic
Forest boundaries in Mississippi created by US forest services were obtained from
Mississippi automated resource information system (MARIS 2009). Both of these source
data were used to summarize the analysis at different scales (Fig 4.1).

Vector data
The GIS vector layers used in this research included eco region polygon file along
with historic forest boundaries and point file of the statewide fire location data. The
wildfire data analyzed in this research came from the Mississippi Forestry commission.
Each point location includes the information on fire location, fire size, date of occurrence
etc.

14
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Raster data
Fifteen years (1991-2005) of seven day NDVI composites at 1 km spatial
resolution were extracted from satellite sensor data acquired by NOAA-AVHRR were
used for the analysis.

AVHRR data Preparation
The original AVHRR 1 km resolution seven-day composites data were obtained
for Conterminous United States which was import and reprojected. A subset grid was
created for Mississippi to extract the NDVI values. NDVI values were rescaled from 100254 where -1=0, 0=100 and +1=200. Values higher than 200 or close to 0 indicate non
vegetative features. To avoid confusion pixels that are affected by clouds, snow and other
types of noise and reflecting high values a mask grid was created to exclude erroneous
data from the analysis.
The major software packages used in this project include ERDAS Imagine,
ArcGIS and SPSS.

15
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Figure 4.1

Historic Forest Boundaries (left), Eco regions (right)

16
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CHAPTER V
METHODS

Selecting optimal threshold of fire size
Based on wildfire data acquired from Mississippi forestry commission from 19912005 an average of 4,000 wildfires occurred in Mississippi each year. Most of these
wildfires are relatively small and controlled quickly by the local fire management.
However, a significant number of these wildfires caused substantial damage to natural
resources, property and loss of life. In recent years, the acreage burned by wildfires has
increased significantly (Arno and Brown 1991). Large wildfires are the greatest concern
for this study because the average or small wildfire does not demonstrate the same threat
to property, lives and resources. The cost of wildfire suppression increases exponentially
with increasing wildfire size. To reduce cost of suppression and potential losses from
wildfires, fire managers must be able to come up with viable strategies for effective
allocation of scarce equipments and personnel resources that are targeted towards
geographic locations that have moisture conditions, vegetation types, and access
conditions that promote large wildfires. Thus selecting a threshold for large wildfire size
is a critical factor, as they deserve special attention and analysis.
The temporal characteristics of wild fires were analyzed between the periods of
1991-2005 for May-Nov fire season. To identify a reasonable wildfire size threshold the
17
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number of wildfires (Y axis) was plotted against wildfire size (X axis). Jenk’s natural
break was used as a classification method to perform this analysis. This method was
selected because of its ability to minimize the variance within class and maximize the
variance between classes. Classes were based on natural grouping inherent in the data
(ArcGis desktop Help) [5].The calculation was performed for the state of Mississippi as
well as north, central and southern Mississippi (Fig 5.1) (Fig 5.2) (Fig 5.3) (Fig 5.4). The
state was divided into three parts on the basis of spatial pattern analysis using Nearest
Neighbor and density analysis. The four histograms of fire size distribution from 19912005 followed a right-skewed distribution. The histogram appears to level off around 1516 acre wildfire sizes in each area of the state. The spikes in the graph are due to the
nature of recording information where wildfire sizes are estimated and often grouped in 5
acre classes by field personnel. There are approximately 3000 wildfires from 1991-2005
for May-November fire season that burned 16 acres and more. Average wildfire size for
this period is 45 acres for the state of Mississippi.

[5]

http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?topicname=
natural_breaks_(jenks)
18
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Figure 5.1.

Distribution of fires by size (1-50 acres) in Mississippi

Figure 5.2.

Distribution of fires by size (1-50 acres) in North Mississippi
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Figure 5.3.

Distribution of fires by size (1-50 acres) in Central Mississippi

Figure 5.4.

Distribution of fires by size (1-50 acres) in South Mississippi

20
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Spatial clustering of wildfires in three areas of the state
Spatial pattern analysis of wildfires in Mississippi was performed in two stages by
using density analysis (Visual representation) and nearest neighbor analysis (statistical
representation). Spatial pattern analysis was used to recognize the hotspots of fire
incidents.
Kernel density analysis was selected to map large wildfire density because in this
approach wildfire points that are close to one or more other points have more influence
than distant points which can be use full to identify spatial pattern. The result produces a
surface with the highest value at the center of the surface. Kernel density with search
radius 12,000 sq km was used to analyze if there is any spatial pattern of large wildfires
that exist across the state. Selecting an appropriate search radius for kernel density is an
iterative process as the choice of the radius strongly influences the outcome. Larger
values of the radius parameter produce a smoother, more generalized density raster.
Smaller values produce a raster that shows more detail (ArcGis Desktop Help) [6]. Since
the goal was to identify any spatial pattern of large wildfire density, neither larger nor
smaller values for radius parameter will satisfy the purpose.
Nearest neighbor analysis is specifically designed for measuring pattern in terms
of the arrangement of a set of points in two or indeed three dimensions (Clark and Evans
1954).

[6]

http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?id=4917&pid=4915&
topicname=Kernel_Density
21
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The nearest neighbor index is simply the observed mean nearest-neighbor
distance divided by the expected mean nearest neighbor distance for a random
arrangement (Ebdon 1977). For detecting the clusters it calculates nearest neighbor index
based on the average distance from each feature to its nearest neighboring feature
(ArcGis Desktop Help) [7]. Nearest neighbor analysis indicates that Mississippi has
highly clustered patterns of wildfires. The result also shows that there is less than 1%
likelihood that this clustered pattern could be the result of random chance (Z score = 30.22 and α = 0.01); nearest neighbor index is associated with z score and p value to
measure statistical significance. A negative Z score indicates clustering; a positive score
means dispersion or evenness. (ArcGis Desktop Help) [8]. Clustering of fire location
points indicates the influence of a variable on fire location points (Gilreath 2006). There
is a likelihood that ecological, climatic and anthropogenic conditions differ across the
state and those differences could be reflected in the presence of clustering of wildfire
events. Figure 5.5 shows that the spatial distribution of wildfires 16 acres and larger
based on kernel density analysis appears to be clustered in close proximity to the coast
and in the south-central part of the state. Further, there is evidence of clustering of
wildfires 16 acres and larger in the central and the northern areas of the State. Based on
these clustering patterns, the State was divided into three sections (north, central, and
south) for further analysis using Analysis of Variance to test for differences in fire size
among these 3 regions.

[7] [8]

edndoc.esri.com/.../average_nearest_neighbor_spatial_statistics_.htm
22
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Figure 5.5.

Spatial pattern of large wildfire density in MS from 1991-2005.Circles
indicate high-density areas.

23
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Analysis of Variance (ANOVA) with Fisher’s-Least Significance
Difference (LSD)
Pattern analysis indicates that wildfires are spatially clustered in north, central and
southern Mississippi. The purpose of an ANOVA is to determine the existence of a
statistically significant difference between north, central and south.
ANOVA analysis is the analysis of the ratio of two variances compared with the
F-distribution which is given by the ratio of two chi-squared distributions (Layman and
Longnecker 2008). It is assumed that observations are independent that the variances
come from a parent distribution that is normally distributed, and analysis is based on
three critical assumptions; independence of observations, normally distributed, and that
there is homogeneity of variances.
For this study the assumption of normally distributed parent populations defined
as the wildfire size attributes in three adjacent areas of the State (north, central and south)
was tested using the quantile-quantile (QQ plot) in which percentiles of the standard
normal distribution are plotted against percentiles of the data. The QQ plot is sensitive to
deviances from normality in the tails of the distribution (Jobson 1999). Once Normal QQ
plot statistics validated the assumption of normally distributed parent populations, F-test
statistics were calculated (α = 0.05) to determine whether means of the populations
differed, and when differences existed, Fisher’s LSD was used to test for significant
differences in mean fire size between each pair of regions (north, central and south).
Fisher’s LSD is a method for comparing treatment group means after the ANOVA null
hypothesis of equal means has been rejected on the basis of the F-test. The test is
basically a set of individual t-tests for pair wise treatment means, but rather than use the
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pooled standard deviation (SD) from only two treatment means, it computes the SD from
all the groups (Layman and Longnecker 2008).
The null hypothesis tested was:
There are no significant differences in mean fire size for pair wise combinations of north,
central, and south areas of Mississippi.
Once the overall ANOVA for mean fire size between north, central and south was found
significant with (p value = .04 at α = 0.05), ANOVA with LSD was performed to test the
mean fire size between each region (north, central and south).

Fisher’s LSD was performed between

(i) North/Central
(ii) Central/South
(iii) North/South

The following equation was used to calculate the LSD:
LSD = t

2MSE
N

Where
t

= critical t value

MSE = Mean Square Error within groups
N

= Number of samples

If the difference X 1 - X

2

≥ LSD the corresponding population means µ1 , µ2 are

significantly different from each other.
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To perform the calculation; North, Central and South were ranked based on their
average wildfire size from low to high.

ZONES

SOUTH (1) X

CENTRAL (2) X

NORTH (3) X

Y

42.96

45.70

49.82

The following hypotheses were tested:
1. Ho: µ1 = µ2

Vs

H1: µ1 ≠ µ2

2. Ho: µ2 = µ3

Vs

H1: µ2 ≠ µ3

3. Ηο: µ1 = µ3

Vs

H1: µ1 ≠ µ3

LSD = t

2 MSE
N

= 3.25

LSD was calculated at

α = 0.05

DF = 1

t critical = 1.960

The appropriate t-value (1.960) was obtained from student’s t distribution table with

α = α/2 = 0.025.
The next step was to compute the sample difference for mean. If the sample
difference was greater than the LSD, the corresponding population means are
significantly different from each other. Sample difference was calculated by using these
following combinations.
Y Largest - Y

smallest,

Y Largest - Y

2nd Largest,

Ηο: µ1 = µ3 was tested by:
Difference ≥ LSD
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Ho: µ2 = µ3 was tested by:
Difference ≥ LSD

Ho: µ1 = µ2 was tested by:
Difference ≤ LSD

T-Test
Characterization of spatial patterns via nearest neighbor and density analyses led to the
division of Mississippi into three distinct zones (north, central, and south) along a
latitudinal gradient. Within each of these zones, further analysis was performed to
determine whether there was significant variation in mean fire size for various commonly
used stratification schemes within each zone. These stratification schemes included
divisions of the landscape based on historic forest boundaries and ecology. Pair-wise t
test were used to compare spatial variation of wildfire size among strata within the three
zones. For this research alpha (α) level was set at 0.05. T tests are commonly used to
determine whether an apparent difference in fire size between two regions is a true
difference or just an error due to chance (Salkind 2010)

Determination of correlations between wildfire size and satellite-acquired
Normalized Vegetation Index (NDVI)
Pearson’s product moment correlation was used to determine if a relationship
exists between NDVI and wildfire size within different strata at various time lags in
Mississippi. The correlation statistics measure the degree of linear dependence between
two variables (Pietersen and Daminaov 1998). X and Y, resulting in a value between +1
27

Template Created By: Damen Peterson 2009
and -1 (Layman and Longnecker 2008). The statistic is derived by calculating the
covariance between X and Y, and divided by the product of their standard deviations. A
relationship is considered significant if the probability of the test statistics (α =0.05) is
equal to or less than the test level. Smaller p values represent more consistent correlations
(Wilks 2006). The correlations were tested at various lag times where lag times were
selected from the influential months (fire size) for each region and summarized by weeks.
Lag time durations were equivalent to 1 week.

Temporal Pattern Analysis (Graphical Evidence)
Wildfires in Mississippi exhibit temporal seasonal patterns. Mississippi has two
distinct wildfire seasons; one season in late winter to early spring and a second season
from summer to late fall. Temporal wildfire patterns were analyzed for the second
wildfire season only for this study by summarizing the monthly distribution of large
wildfires (acres burned) in north, central and south Mississippi from 1991-2005 for MayNovember. The May starting date was used to account for observed variation in fire
activity over the study period that included some years where the second season began as
early as May. Similarly, the cutoff time (November) for the second (summer/fall) wildfire
season was based on observed variation in the time of cessation of wildfire activity.
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CHAPTER VI
RESULTS

During the study period Jan 1991- Dec 2005, Mississippi experienced 59,448
wildfires. The years with highest number of fires are 2000 and the year with largest
burned area was 1996. The average fire size was approximately 5 ha but most fires were
relatively small. The analysis period was based on the range (duration) of summer/fall
fires when each of the three regions (north, central and south) are examined for temporal
patterns for May-November fire season.

Large wildfire threshold selection
Environmental, economic and social impacts from wildfires in the United States
have been steadily increasing over the past decades (Morton et al 2003). These impacts
can be ranged from small to massive based on the magnitude of wildfires. Thus it is
important to select a threshold for large wildfire size as they have a diverse range of
substantial impacts such as cost of fire suppression, damage of timber resources, and
alteration of wildlife habitat and so on. There are several different possible measures of
wildfire size which include acres burned, the amount of environmental and monitory
damage it cause etc
[9]

http://www.stat.ucla.edu/~frederic/papers/firesize.pdf
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Wildfire size (acres burned) in Mississippi from 1991-2005 was used to determine
the threshold. Recognizing the special significance of large wildfires will help to learn the
economic costs and losses from wildfires.
Fire size distribution of wildfires in Mississippi in the past two decades was
examined to understand and identify the threshold of large fires in Mississippi. Graphical
evidence shows when plotted against fire size (X axis) and frequency (Y axis) that there
is a natural break exists (Fig 6.1). 16 acres was selected as a threshold and wildfires > 16
acres were considered as large fires. Large wildfires were chosen for this study because
of their economic and logistical importance to the population. Fire managers are pressed
to make complex decisions in situations with high uncertainty regarding logistics
(evacuation, man power, equipment etc.) and how these resources will be used. Thus,
identification of large wildfire size is a critical factor for fire managers because it will
require far more resources to suppress than smaller fires.
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Figure 6.1.

Analysis of 10,000 wildfires: 0-50 acres in size.

Spatial clustering of large wildfires in Mississippi
Kernel density of large wildfires was mapped to determine areas where wildfires
were spatially clustered across the state. These spatial patterns reveals the cluster and the
absent of cluster in various part of the state for last fifteen years. Spatial distribution of
wildfire size found significantly varied within the state. This research indicates that
spatial clustering of wildfires is strongly influenced by two important factors (i)
Ecological factors such as percentage of pine concentration in the state and (ii)
Anthropogenic factors such as proximity to urban area and major roads
(Fig 6.2) These findings are consistent with Gilreath (2006), Grala and Cooke (2010).
This information was further validated by the density analysis that shows high
concentration of fires in the southern part of the state mostly dominated by pine
population (ecological factor). A high density of fires can be found close to major roads
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and major cities. This indicates that fires are related to human activity (Anthropogenic
factor).

Figure 6.2.

Spatial distributions of large wildfires

ANOVA with LSD
Spatial comparisons between major zones were done using ANOVA. ANOVA
results indicate a difference exists in mean wildfire size among zones. North, Central and
South are found significantly different from each other (p value= 0.05) in terms of
wildfire size. ANOVA with LSD was tested between North vs. South, North vs. Central
and Central vs. South. The entire test was completed at 0.05 alpha levels. ANOVA with
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LSD shows average wildfire size varies from North to South within the state. According
to LSD criterion; mean wildfire size for the summer/fall wildfire season in the north and
south zones are significantly different from each other while mean wildfire size in central
and south zones are not significantly different. However, mean wildfire size for the
summer/fall season is significantly different for north versus central zones. This finding
was consistent with visual interpretation of graphical analysis for north, central and south
zones when wildfire size was graphed over the summer/fall time period by zone. It was
already establish that there was a significant difference between first (Jan-Mar) and
second (May-Nov) fire season. This result shows a significant difference exists in the
second fire season for zonal comparisons.

T-Test
Paired sample t-test (Table: 6.1) were performed for north, central and southern
Mississippi. Eco region and forest community was used as a subdivision within north
central and south. The variations of average wildfire size between north, central and
south are prominent. North Mississippi river plain, black belt, south Pontotoc was found
significantly different at α = 0.05. Fuel conditions for this region can be best described
by the National Fire Danger rating Systems fuel models P (closed-canopy pine or pine–
hardwood forest), E (closed-canopy hardwood forest after leaf fall), and R (closedcanopy hardwood forest after leaf flush and during the summer) (Brewer & Rogers
2006).

33

Template Created By: Damen Peterson 2009

Table 6.1.

T- Test, pair wise comparisons p-value <0.05

Blackbelt
Blackbelt

Deep

Interior

Loess Hills

Flatwoods

0.037

0.471

Deep
Loess Hills

0.037

0.87

Interior
Flatwoods

0.471

0.87

Loess hills, plains, upper clay hills, and upper loam hills are the significantly different
regions (α=0.05) found in central Mississippi. The steep bluff in the loess hills forms the
transition between swampland and upland and topography affects the fire spread by
steepness (Fig 6.3). Large wildfires were found in the deep loess hills and deep loess
plains. Soils in these regions can be described by porous particulates allowing water to
easily drain. High porosity soils can lead to a high drainage rate in the hilly regions. It
was not surprising to find nine significant regions in the southern part of the state. South
loess and south loam regions were found significantly different in terms of fire size
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at α = 0.05. It is important to mention about the dynamic nature of southern fires and its
increase in fire potential since the event of hurricane Katrina.

MSTM PROJECTION

Forest Boundaries
Figure 6.3.

Eco regions

Spatial variations in wildfire size

Darker color = Larger fire

Pine forests were found to have the largest wildfires followed by oak forest.
Statistical analysis for wildfire size within north, central and southern Mississippi reveals
some interesting results. August, September and October were associated with the largest
wildfires in the state. These months are also the driest on average for the state (Schulz
1997).
35

Template Created By: Damen Peterson 2009

Determination of correlations between wildfire size and satellite-acquired
Normalized Vegetation Index (NDVI)
Pearson’s r was calculated between NDVI and wildfire size. The correlation was
tested at various time lags where 1 lag = 1 week. Time lags were selected from the peak
fire month for each significant region and then summarized by week. Time lag was used
to see how quickly NDVI respond to different vegetation cover type such as cropland,
grassland, forest etc. Overall correlation statistics shows that NDVI is negatively
correlated with fire size. This result was consistent with the previous research
(Pillai et al 2008). Significant correlation was found mostly at lag 1, very rarely, there is a
correlation at lag 3. This is probably because the post fire environment changes faster
than originally expected. Interesting result shows for north Mississippi alluvial plain or
the delta region where strong negative correlation found at no lag. Bottomland hard wood
forests and swamps are found in the delta region along with small trees and shrubs. Small
trees and shrubs react instantly with the fires. Pine dominated areas in southern
Mississippi show strong correlation for both stratification methods at α = 0.05 .
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Table 6.2.

Pearson’s r correlations between fire size and NDVI at various temporal
lags by Eco region in north, central and south Mississippi. Relationship
with p values <0.05 are in gray, and those <0.01 are also shaded in blue

NORTH ECO
BLACK BELT - r
P-value
D.LOESS HILLS - r
P-value
N.MS.RIVER ALL.PL - r
P-value
S.PONTOTOC - r
P-value

NO
LAG
-0.082
0.121
-0.037
0.925
-0.929
0.000
-0.517
0.324

LAG
1
-0.541
0.025
-0.183
0.441
-0.207
0.073
-0.676
0.002

LAG
2
-0.022
0.938
-0.220
0.449
-0.158
0.523
-0.150
0.850

-0.099
0.726
-0.185
0.508
-0.144
0.644
-0.224
0.39

-0.192
0.492
-0.374
0.255
-0.389
0.299
-0.459
0.004

-0.369
0.045
-0.455
0.517
-0.158
0.724
-0.261
0.654

-0.434
0.534
-0.262
0.081
-0.418
0.655
-0.319
0.58

-0.221
0.513
-0.179
0.469
-0.195
0.517
-0.218
0.31
-0.202
0.312
-0.438
0.532

-0.422
0.039
-0.213
0.462
-0.322
0.413
-0.333
0.445
-0.558
0.623
-0.364
0.049

-0.357
0.701
-0.298
0.512
-0.244
0.558
-0.31
0.489
-0.447
0.598
-0.433
0.299

-0.388
0.219
-0.377
0.454
-0.211
0.624
-0.257
0.548
-0.388
0.042
-0.327
0.415

-0.311
0.612
-0.315
0.68

-0.283
0.436
-0.234
0.556

-0.477
0.007
-0.291
0.432

-0.336
0.657
-0.324
0.422

LAG 3

-0.412
0.031
-0.362
0.023
-0.389
0.446
-0.324
0.595

CENTRAL ECO
DEEP LOESS HILLS r
P-value
DEEP LOESS PLAINS r
P-value
UPPER CLAY HILLS
r
P-value
UPPER LOAM HILLS r
P-value
SOUTH ECO
DEEP LOESS PLAINS r
P-value
FRAGIPAN LOAM HILLS r
P-value
JACKSON PRAIRIE r
P-value
GULF COAST
r
P-value
JACKSON HILLS
r
P-value
SOUTHERN LOAM HILLS r
P-value
SOUTHERN LOESSIAL
PLAINS r
P-value
UPPER LOAM HILLS
r
P-value
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Temporal pattern analysis (Graphical Evidence)
Wildfires exhibit temporal seasonal patterns (Fig: 6.4). Temporal pattern was
analyzed for both wild fire size and frequency. Temporal analysis for fire frequency
reveals that maximum number of wildfires occurs in May, June and August, September,
October. Temporal analysis for fire size indicates that area wildfire activity varies within
the state from North to South. Area wildfire activity increases in North-late July, Centrallate June, South- early June. Area wildfire activity decreases in North – September,
central- September, South – October. Wildfire activity (acres burned) is decreasing in
Central and South when wildfire activity is at maximum in North. The month with
largest burned area was found in North MS was September followed by august in central
MS and July in Southern Mississippi for May-Nov fire season. These months are the
driest on average for the state where evaporation can exceeds precipitation for the months
in late summer and early fall (Schulz 1997). Wildfires of various sizes and intensities
were more likely to occur in months with lower than average precipitation. Earlier
research shows that cumulative precipitation is inversely correlated with fire size (Brewer
and Rogers 2006).
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Figure 6.4.

Temporal pattern of wildfire size in MS from 1991-2005
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CHAPTER VII
DISCUSSION & CONCLUSION

The primary objective of this research was to understand the spatio-temporal
characteristics of wildfires in Mississippi. Ecological and spatial effects that promote
‘large’ wildfires are not as affected by random events as small fires.16 acres was
determined as ‘large’ wildfire size based on Jenk’s natural break. Over fifteen year period
2000 is the year with highest wildfire frequency (6541 fires) and 2003 is the year with
lowest wildfire frequency (1829 fires). There were two significantly increasing linear
trend can be observed from 1997-2000 and from 2003-2005.
The result of this research revealed that significant differences exists in the second
fire season between North, Central and South Mississippi at α = 0.05 for wildfire size.
The research was performed in spatial and temporal scale for fire variables. Nearest
neighbor, analysis indicates that the spatial pattern of wild fire in Mississippi is highly
clustered. The clustering pattern was very prominent in southern part of the state.
Comparison between land cover type and clustering pattern of wildfires indicates that
high clustering associates with high concentration of pine forests which indicates that
there is likelihood that certain combination and factors can influence the distribution, size
and frequency of wildfires which includes ecological factors (vegetation cover type),
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anthropogenic factor (proximity to road, ignition) and climatic factors (precipitation,
evaporation and wind).
According to the temporal analysis of wildfire size, monthly area wildfire activity
varies within the state from north to south. Wildfires that occurs in August, September
and October consumes more area than wildfires occurring in May, June and July .The
average fire size for 1991-2005 is approx 13 acres with minimum 1 ac and maximum
5208 ac, but most of the fires were relatively small. The highest number of fires by month
occurred in October (704 fires). August is the month with maximum average acres burn
(53 acres) for May-November fire period from 1991-2005 for the state of Mississippi.
There is a steady trend over fifteen year period for May-November fire season which
indicates wildfire area activity starts early and stays long in south Mississippi (early JulySeptember). Understanding the history of fire events is important for fire managers
assuming that these historical trend and spatial pattern observed in this research will
remain same in the future. The information derived from this research should help the fire
managers to identify the fire potential regions in the state.
This research also compares between MS forestry commission fire management
zone and three zones (north, central and south) (Fig: 7.1). The MFC fire management
zones were created based on political boundaries (i.e county boundary) where as the three
zones were created based on the spatial distribution of wildfire patters. Knowing the
spatial distribution of large wildfires in these three zones might help the fire managers to
plan ahead to minimize the threat from wildfires. It is also important for fire managers to
consider both short term and long-term risks and goals.
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Over all Pearson’s r indicates that NDVI and large wildfire size maintain an
inverse relationship. High correlation was found mostly in the southern regions at lag 1
(p<0.05). Very rarely, there is a correlation at lag 3.

Figure 7.1.

Comparisons between three zones and MFC fire management zones in
MS.
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The study was able to detect high fire potential regions in Mississippi. For the
purpose of better assessment and understanding the effects of wildfires on the
environment requires a good knowledge of spatial distribution and temporal variation of
wildfire activity on a regional and local level. Previous research (Cooke et al 2007)
shows that after Hurricane Katrina fire potential for the coastal area has increased
dramatically. The high clustering pattern found in that region indicates this region needs
more attention.
To avoid the adverse effect of wildfires several measures can be taken on county
and state level. A public awareness campaign designed to inform the public of the
dangers of ignition in areas that are more likely to sustain large fires is important
information that can reduce the number and size of fires. Previous research (Grala and
Cooke 2010) already established that major percentage of all wildfires in Mississippi is
caused by human activity. The greatest number of fires usually occurs in October,
followed by September, November, August, and July (Gilreath 2006). Outdoor activities
such as camp fire especially under dry weather conditions can be a threat for potential
wildfires. Keeping these facts in minds wildfire prevention strategy can developed to
educate homeowners and land owners. Managers are increasingly aware of the need to
know how management actions will affect the probability of large escaped wildfires
occurring and the magnitude of costs associated with such fires (Saveland 1987). Fire
management services can include prescribed burnings which is a cost effective method
and also critical for fuel reduction in summer/fall season. Especially in areas where
loblolly, shortleaf, longleaf or slash pine is the primary overstory species, prescribed
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burning is very beneficial [10]. Fire manager can also practice to limit fire by suppressing
fires as soon as possible after they are detected. Increasing the capability of suppression
forces would presumably allow fire fighters to catch more large fires when the fires are
still small (Saveland 1987).
It would be interesting in the future to use other variables such as climate, fuel,
topography, ignition etc and to test their relationship with the statistically significant
regions found in this research. Due to time constraint, this research could not include both
first and second fire seasons. Comparing winter and summer wildfire seasons for spatial
and temporal patterns would be an interesting follow-up study. Some other aspects of
future study may include different landscape strata that tend to sustain larger wildfires
should be investigated for determination of factors (stand density, stand age, storm
damage, etc) that influence wildfire size. Future work may also incorporate the effect of
prescribed burning to reduce the probability of large wildfire in north, central and south
Mississippi. NDVI from higher spatial resolution sensors (MODIS) should be correlated
with fire size at various temporal lags.
Below average rainfall in the summer/fall fire season cause soil moisture deficit
which will elevate the potential for large wildfires. A recent study conducted by NIFC
(National Interagency Fire Centre) shows that the effect of long term moisture deficit has
produced historically low fuel dryness over much of the south during late summer and
early fall [11].

[10]
[11]

http://www.fs.fed.us/r8/mississippi/Fire_and_Aviation/prescribed.html
gacc.nifc.gov/sacc/predictive/.../SA_FALL_2010_ASSESSMENT.pdf
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The South is one of the fastest growing regions in the nation, with an estimated
population growth of 1.5 million people per year. The South also consistently has the
highest number of wildfires per year [12]. Below average temperatures in October will
give way to above average temperatures in November. Warm and dry conditions will add
to the fire potential and the monthly outlook calls for increasing potential across nearly
all of the Central and Lower Mississippi River Valley [13]. Thus understanding the effect
of climatic influence that enhances the wildfire potential for summer/fall fire season in
Mississippi as well as south eastern regions can be useful for wildfire management.

[12]
[13]

http://www.southernwildfirerisk.com/reports/FireInTheSouth2.pdf
http://gacc.nifc.gov/sacc/predictive/outlooks/SA_FALL_2010_ASSESSMENT.pdf
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